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ABSTRACT .

Although the Intellectual tevelopment (ID) index was
-'',-constructed using standard psychometric procedures, the derivation. of
Lthe other two indexes, Socio Intellectual-StatusASIS) aid
IT-Differential Intellectual.Bevelopment (Dlt), by ciitericn_icaling,
4should have applications in diverse -areas of scale or index
:.e.onsitruotion.-The ID is basically comparable to an intelligence
gucltient index. The SIS i&somevhatamalagOus to a Socio4conomic
Status (SES) indei, while 'the DID reflects intellectual achievement

;,'independent, of the SIS family background contribution to the ID
Indei..The Use of the three indexes in studying findings from the.
*CYO.* II children's surve (aged 6-11 years) of 1963-65 helps to-.
clarify' some persistent, issuet\related to intellectual achievement.
The first-order analyses revealed statistically significant

7reIationships between they IA. Index and (1) number of pregnancies
;previous to the birth of tilt ermined child; (2) twin versus nontwin\
birth status; and (3)-attendanc vs. nonattendance at nursery school
Allid/or kindergarten. However, these relationships were:lostly
attributed to family backfiround:factors reflected in'the
SOCto-iptelleCtual index.JAlthough the numerical index vtlues-derived
imithis report are specifikc and limited to the data-of the-Bealth. -
Enamination Survey Cycle I -(children) and Cycle III (routha) the
data base should have vide pread applicability to,behavicral.
scientists. Statistical. dat are appended, as well as brief .totes On
criterion scaling, multiple inear regression, and skewness ind.

.1curtosis tests.- (Author/CP) \
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A methodologic4 report on the construction and utility of three
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THE CONSTRUCTION AND UTILITY OF THREE INDEXES
OF INTELLECTUAL ACHIEVEMENT

farold J. Dup;iy, Ph.D., Psychological ilduiser,
Division of Health Examination Statistics

and
Gunnar Cruvacus, M.A., Foundation for Child Development

SUMMARY

This report describes the construction of
three indexes of intellectual achievement for use
in analyses of the National Center for Health
Statistics' Health Examination Survey findings
for U.S. children (aged 6-11 years) and youths
(aged 12-17 years).

Method

The index of Intellectual Development (ID)
was developed through the application of stand-
ard psychometric procedures. However, the
derivation of the other two new indexes, Socio-
Intellectual Status (SIS) and Differential-
IntelleLtual Development (DID), should be of
major methodological significance to behavioral
scientists who are concerned with advancing
measurement capability into a heretofore in-
tractable area. The elaboration and successful,
application of the method of criterion scaling
as described in this report should encourage
applications in many diverse areas of scale or
index construction.

A note of caution is in order. The numerical_
index valuer, derived in this report arc specific
and limited to the data of the Health Examina-
tion Survey Cycles II (children). and Cycle III
(youths). However, the anticipated use of these-
data "bases both within the National Center for
Health Statistics (NCHS) and outside NCHS is
the justification for presenting the obtained
values and their incorporation, as individual
examination components, into each examinee's

data tape record for these two national examina-
tions. Copies of these tapes can be purchased
from NCHS.

Utility
The index of Intellectual Development (ID)

can be used as a surrogate measure comparable
to the Full Scale IQ (intelligence quotient) of
the Wechsler Intelligence Scale for Children
(MSC), 1949. The Socio-Intellectual-Status
(SIS) index can be used as a single control..

'moderator; or covaxiate index for determining '

the contribution of the SIS family background.
factor in analytical studies of otherexamination
findings./

Thee utility of the Differential- Intellectual-
Development (DID) index is seen in terms of
its potential for studying and identifying other
examination findings that bear on intellectual
development when the confoiding intrusive-
ness of SIS is removed. The DID/ index provides
an indicator of intellectual achievement that
is independent of the concomitant relationship
of the index of Intellectual Development and
the family background factors used to construct
the Socio-Intellectual-Status index.

9

Substantive Findings

The use of the three indexes in studying
"rime examination findings from the Cycle U
children's survey (aged 6-11 years) of 1963-65
helps to clarify some persistent issues rei-tted to
intellectual achievement.



The first-order analyses revealed statistically
significant relationships betNeen the index
intellectual development. and (1) number of
pregnancies previous to the birth of the ex-
amined child, (2) twin versus nontwin birth
status, and (3) attendance versus nonattendance
at nursery school and/or kindergoren. floweer,
these relationships were mt;stly accounted for
by the family background factors reflected in
the Socio-Intellectual".Status index. No im-
portant amount of variance was found in the
residual component of the index of Intellectual
Development as measly- d by the Differential-
Intellectual-Development index. Thus the first-
order relationships with the index of Intellectual
Development were accounted for by the differ
entlial prevalence of these conditions among
children coming from family backgrounds with
different SIS index values.

INDEX DEVELOPMENT

introduction
This report presents the methods of con-

structing three indexes of intellectual achieve-
ment derived from data collected by the NCI IS'
national Health Examination Surveys of U.S.
children (6-7 years of age) and youths (12-17
years of age): The children's survey was con-
ducted from 1963-6 ; the youths' from 1966-
70. These surveys h ve beat described in pre-
vious NCHS publiCati ns, I

The application of these indexes in the
analyses of some di to from the Cycle II chil-
dren's examination survey arc also presented.
While these findings may be of substantive inter-
est to some readers, they are not exhaustive of
the issues they reflect.

The three indexes of interest in this report
bear on the measurement of intellectual achieve-
ment of our Nation's children and youths.
Thesi are labeled descriptively- as indexes of:

Intellectual Development (ID)

Socio-Intellectual Status (SIS)

Differential-Intellectual Development (DID)

The index of Intellectual Development (ID)
is basically comparable to an Inteiiigence
Quotient (IQ)

/
index. The Socio-lritellectual-

Status (SISt Index ts soinewhitt analogous to
SocioI-IconornicStatu, (SES) index. lbw:ever.
the components it SIS acre rigorously cali-
brated to reflect the ontribution of certain
family background factors intellectual devel-
upincnt which existed independendY of the
child's or youth's ov,n conttul. The Differential-
Intellectual-Development (DID) i.ndek is taken
as :reflecting intellectual :11 hievernent of the
child or youth independent of thc. SIS family
background conr-ibution to the index of .Intellec-
tual Development.

The concept of a SIS-type index emerged
from the perception of the e:infounding or in-
trusive relationship of certain family.background
characteristics in studying the associations
'among health-related variables within groups
of individuals (in contrast to intra-individual
associations). This seems to be especially rele-
vant to studying the associations of certain
somatic insults with intellectual det.7elopment.
For example, if a strong Inegative).relationship
were found between scarlet fever and intellcc-.
tual development, the next question would be,
Is this association accountable by a (posSible)
joint relationship of these two conditions with
a common SIS-type family background? Also
important in the conceptualization of SIS was
the possibility- of identifying a parsimonious -set
of family background factcls whiCh could be
ordered along -some dimension (scaled) so that
none of the many other family background fac-
tors, which are or may be associated with in-
tellectual development at the single variable
level, would show an association when the scaled
'dimension is taken into account. The given in-
vestigator could then "control" on this one
dimension rather than having to consider the"
many other singular variables. Thus SIS could
serve as a moderator/or covariate dimension in
the study of associations among any health
variables that also may covary along this family
background dimension. As an example, if one
wanted to study the association of the number
of decayed teeth with diseased tonsils, the in-
vestigator might want to "partial out" the com-
mon variance of these two conditions with,SIS.

The conceptualization of DID was a rational
extension of a more general concept to a specific
application. The general concept is that the
variance in common between two (or more)



variables can he extracted and the rcsidu.d vari-
ance in the- %arrable of interest can be resealed
as an index for use in measuring its singular
dimensionality. For example. rac1 scoie perform
ances on a gcnend vocahularx te.,t are highly
correlated with age from ab,,w. age 2 to age
15. The age factor can he -tainun ttiC. and the
vocabulari.. score 'achievement can Oc resealed
to.be independent of age.

Criterion Scaling ofPredictor Variables

The concept of criterion sealing is rather
_sitriple and its application sqaightforard. In

this 'context it :refers to the scaling of, or assign-
ing weights or numerical values response

options within an item or to the original values
along a measured dimension (e.g., inches of
height), in terms of certain numerical values of
the criterion of interest, At. least two conditions
must be met. Within a given data -Set, at lei ;t
one data element must be considered the yiter-
ion and at least. one or more of the other data
elements must have more than a ierocorrelation
with the criterion. A criterion, in this context,
is a variable that discriminates the sample of
obsethtions , along some dimension, or into
categories, o interest. The criterion can be
viewed as the dependent variable and the other
variables as independent, predictor, or discrim-
ination variableS, The Technical Notes section
provides a more complete description of the
inethod. of criterion..scaling and compares the
results of criterion scaling with multiple linear
regression.

The Index of Intellectuai Development (ID)

The index of Intellectual Development (ID)
was constructed from the Vocabulary and Block
Design subtess of the Wechsler Intelligence
Scale for Children (WISC). These two subtests
were given to both the children and youths. The
total examined sample for 6-17 years of age was
13,887. A number of NCHS reports describe
these two tests, the basis for selection, and pro-
cedures for examination and scoring.'

Independent research studies have t found
that, the sum of the scaled scores for these two
subtests correlates about .85 to .88 with total
WISC iQ scores.2 The raw scores on these sub-
tests were transformed and normalized on the

g)

population estimates by -4-month age groups
and within sex. The transformation was to T
scores Which are set to a mean and median of
50.0 and a standard deviation of 10,0 with the
raw. st ore population estimates of observations
distriLuted according to the area under the nor-.
mal cur. c. The T scores for the two subtests arc
thus sex-age independent. That is, the variance
attributable to' sex. and age was removed. The
two T scores were then summed. This provided
a mean of 100.0. The population estimates were
then redistributed to have a standard deviation
of. 15.0. These two properties are similar to the
WISC Total -Scale IQ score. The obtaint range
of ID scores was 46-152 which was very similar
to the obtainable range of 46-154 for the WISC.
Total Scale IQ. The sample skew value of .08
and kurtogis value of 7:14 indicate a very close
distribution fit to the normal curve. _

In summary then, th.! high correlaticns
found' between the sum of the Vocabulary and
Block Designs subtests with Total Scale WISC
IQ, and the equivalence in means, standard
deviations, ranges, and distributions provide
sufficient support for accepting the ID index
as a comparable measure of WISC Total Scale
IQ and as suitable for making aggregate ceSnapari-
sons of intellectual development..

The Index of Socio-Intellectual Status (SIS)

The next step was to select a set of variables
out of the total number of variables obtained for

; each child and youth that would 'reflect family
characteristics and deinographic factors that a
prior; would seem to be independent of any
personal contribution of the children or youths.
Also excluded were any variables that would be
of substantive interest in their own right in later
analyses. Excluded under these two considera-
tions were such variables as age of father anage
of mother at birth of examined person, number
of previous kegnancies of the mother, birth
weight, attendance at kindergarten, any child-,
hood diseases, school questionnaire items, etc.
The final selection includes 4 "control" vari-
ables and f3 "predictor" variables that seemed
to meet all specificationCEach of these 17 vari-
ables was t1ien subjected to an analysirif vari-
ance computation with the ID index as the
dependent variable for criterion scaling. The per-
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tent of variance accounted for and the correla-
tion ratio of each of these 17 variables with the
ID index were also obtained. Table A presents
the list of 11 variables and the percent of vari-
ance accounted for in the ID index for the total
sample, and the two race categories of black and
white and other races. The detailed tables (1-3)
present tht. mean ID values for each response
level for the 17 variables plus other detailed
staff' ,

g,number of analytical methods were then
tried in a search for a procedure that could be.
used to combine the variables in ,a way that
would account for the most variance in the ID
index ars' that - would also seem to be most
meaningful in terms of the purpose to be

- achieved. A multipIC regression of the 13
eriterica-scaled predictor variables with the ID.
index ma .tat performed. Instead a stiggestiona
was made to give first consideration.io variables

' that would seem to reflect a "functional". fac-
tor among parents. A variable was considered
as functional if a givenliarent could have exer-
cised some. degree ,6f control- or influence in

:the development of that parent's own life style
or status attainment. Four of the first five pre-
dictor variables shown in table A accounted for
the most criterion- variance and also seemed to

'By Lincoln I. Oliver, Chief, Psychological Statistics
Eianch, DHES, NCHS.
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be the most relevant tmder this functional
direction. The fourth most important variable,
:ace, was dot considered as functional in the
sense just used. Percent variance accounted for
in th! ID index is shown in table B.

Again . in order to .simplify the more direct
meaningfulness of thete four functional vari-
ables, they were coMbined into two "can-
structer.,-variables: (I) sum of both parents'
education (XI) and (2). annual family income .

per person under 2f ;.'ears of age in the house-
hold (X2), The combined response levels were
then subjected to analyies of variance-with, .the-
ID index. The response levels were:theii.groufied.
on the basis of .approximately 'equal: Mean ID'
values with a progressive increase in mean
for group division. The grouped response levels
were then criterion. scaled for response...weights..
A scrutiny of tablei .0 and -p should help toi

Table B. Percent variance accounted for by four indecAnden,
predictor variables

PerdeW
var-

Variable once ac-
Founted

for

\secFirst piarent's education
and parent's eduCation

Family income
Number in household under 21 years of age

24.62
21.23
20.30
7.69'-



..

Table C. Uniratiahtad limp., sin, Mean -Intel!eotualDevelopment (ID) ecores, standard devieuons, and conitructed variables,.by. sum Qf
..:1.............77L,i,,,,ar..... both parents' education in years, with percent variance accounted for and correlstkin ratios

Constructed variable X1
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n Mean
ID

SD

13,887 10.0 15.0

52 82.4 10.3
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83 78.1 10.9
51 81.1 14.0

129 66.9 9.4
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228
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400 88.5 13.0

223 -91.9 12.81
913 93.2 13.8

389 93.6 11.6
747 94.4 1 2.6 1

514 96.5 12:91.
1,082 98.7 13.21

i
647 1-00.9 12.91
981 100.2 12.81

638 102.0 12.7 1
2;772 104.0 12.61

/ s

/
t

414
498

107.1
106.0

12.1 1
12.21

/ 218 109.4 13.61

7
603,, 108.3 12.9

/ 353 111.5 12.01

7
246 111.3 12.71

1\ 155 112.1 11.7
, / i i 322 112.1 12.81

'211_ 116.6 13.81
127 111.0 14.3

$.1

27.74
.53

NOTE: is a sample Size; SD = standard devistion.
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alue n. Mein
ID . SD

080.7

085.7

088.5

092.9

094.1

098.0

100:4

103.7

106.5

108.6

111.4

112.1

114.5

402

640

793

1,135

1,136

1,596

1,828

3,410

912

821

598

477

338

80.7

85.7

88.5

92.9

94.1

98.0

100.4

27.38
.52

12.8

12.7

13.8

12.4,

13.2

12.9:

12.8

12.2

13.1

12.3

12.5

14.3

b



Table -0. Unsieighted sample size, mean IntellectualDevelopment (ID) scores, standard deviations. and constructed variables, by annual family income per
person under 21 years of age in household, with percent variance accounted for and corr.11Ation ratios .

. ISonSaia devlatIo'nti1Ot

---- . .

Annual family income per person under 21years of..ssge '
in the household . '

--

..

. Mean
ID SD

Constructed variable (X2) .

/
Value n

Mean
ID SCi

Total ..

124 '

$1254374
63764624
/$8254874-.,......
687541.124 -t-i..-.
61,12541,374 ,.... -----

\,... .$1,3541,824
$1.0641,874

$1.17542,124
.

\
$2i26$2,374...
$2,375-62,824

$2.825-$2874
$2,876.43,144 --
$3,',2643,374
$3.3.7543,824

$3,87664,124
Pi 2544.374 '
64,375-$4,624
$4,87545,124 ../
$5,87546,124

1

.. .

.374$8.12548
.

$6.82546,874 / '

$8.32548,674 ,

0,675410,124..,, .

612,3704126 ..
$19.875.520, 24

, - -
\I. .

' on't know income" and number of persons under 21 years of age

rt

..,

13,987 100.0 15.0 ... ....

14E
706
859

1,054
588
915

1,027
545

789
817
270

808
581
461

87

66
1,249

.
100
186
227

504
281
259
262
190
101

51
118
121
72

67
47
26-
17
8

13

56
57
49
34

19
26
13
9

83.6
85.0
88.4
92.2
94.1
97.3

99.4
101.0

101.9
102.2
102.9

105.2
102.7
106.1.
97.9

109.0
. 106.5

100.3
110.1
102.8

108.0
113.5
106.4
110.6
107.4
109.8
.

99.3
'100.4

98.9
101.3.

93.9
.. 90.8

918
88.6
85.1
84.2 --'

105.8
103.7:;
98.9

101.0

98.6
93.6
95.7
90.6

...
86.2

22.53
47

12.4
52.7
12.5
14.0
13.1
118

13.3
14.2

13.1
12.5

,14.7

12.5
12.7
12.8
13.8

14.5
12.8
14.3
12.0.
14.7

12.4
13.5
12.3
12.9
12.5
12.5

11.9
13.8
16.3
14.9.

14.7
12.8
13.0
16.8
12.4
13.9

12.8
15.5
14.1
15.0

.

8.9
16.7
16.7
7.4
...
6.2

083.5
085.0
088.4
092.2
094.2
097.3

099.9

102.2

104' 3

106.2

109.2

-

.

099.9

.

091.1

102.2

.

094.2

."

148
706
859

1,054
588
915

1,572

1,876

1937.

1,828

.

1,597

362

178

.-

196

71

83.6
' 85.0-

88.4
92.2
94.1
97.3

100.0

102.2

104.3 '

106.2

,

/

109. 2

99.9
,:.

91.1
.....----

102.6

94.5
1

...

12.4
12.7
12.5
14.0
13.2
13.8

13.9

13.2

12.'9

_

/3.3

1-29 :,

.

.

(I)

,

14.3
......-.....

(1) `

(1)

21.54

(1j

(i1

[3)

.

.

.

[21

[3)

r11

..-
,

1 Ise n I
2 Per ons

,3 pe ns
:- .4 rsons

. ,
6 pawns
5,Persons
7 persons
0 Perstone,

.persons-
10 persona or mord

I
--Blank or refused on income and number of persons under 21 years of age

1;parson
f

,

2 parsons
3 pers6na
4 persons

i
.5 Persons

ti
1'6 penans

7 persons
8 parsons
8.parsons .
10 persons or more

Percent variance accounted for
Correlation ratio s.,

computed.
NOTEC: n sample size: SD standard deviation. = grouped together in final variable construction.

0.

1.4



clarify these procedures. The resultant outcome
for each of those two constructed variables was
to reduce response levels in (1) from 35 to 13
with only a slight decrease in percent variance
accounted for from 27:74 'percent to 27.38 per-
cent and in (2) from 45 to 12 with about a
1-percent decrease in, accounted for variance
from 22.53 percent to 21.54 percent. Table A
presents the percent variance accounted for by
the two constructed variables.

A. linear multiple regression eqaation of the
two criterithl-scaled constructed variables with
the ID. index was then computed. The values of
the equation were:

Y' (ID) = .7382 (X1) + .5598 (X2) 29.80= SIS

The "predicted" values of the ID index (Y')
were "then taken as SIS index values. The product -
moment correlation between SIS and ID was
.5676 and the correlation ratio was .5690.
Since these two values are so close, a linear rela-
tionship between the two variables is indicated.
The mean value for SIS was 100.0 which is the
same as the mean for the ID index; the median
was 102.0. The standard deviation of SIS was
8.52 compared to 15.0 for ID which-refleCts
the remaining unacc,c5m ted-i-fov variance in ID.
The range of_SIS-iridex Values was 76.6-115.9
and he-distribution of 'observations was clearly
s ewed toward the lower values of SIS. However,

--the_skew value of -.53 is not so great as to pre-
clude the use of the SIS index as a-dependent
variable in an analysis of variance design. 'A
description of the skewness and, kurtosis tests
used is-presented in the Technical Notes.

The Index of Differential-Intellectual
Development (DID)

The construction of the Differential-Intellec-
tual-Development (DID) index was str-aightfor-

. wird. The DID index score was obtained, by
simply subtracting the SIS index score from
-the ID index score for each individual and
adding a, constant of 100.0: DID = ID SIS .+
100.0: Thus if an ID score was ,120 and SIS was
110, the DID index value would be 10 + 100.0
or equal ,to 110.0 which indicates a differential
intellectual development. of 10 ID index scores
higher than expected based on the 848 index

1 r

-,-4'-7'''',-.
value. The constant of 10040 was added to give4,-.
the DID index the same mean as the ID and SIS'
indexes; it also eliminates negative, values ani14:-...4
permits a readily perceived comparison of DID ".4's

performance compared to ID and SIS. Thus a".14
DID scores for example, of 100.0 indicatert
the person's ID score was the expected val

FXbased on the person's SIS score. '

The product-moment correlation betivee,,?,
DID and ID was .8225 and-the correlation rat
was .8215. The closeness of these two e'Oeitk,"
cients indicates an almost perfect linear relatio
ship between DID and ID. The mean and mediate
for DID was 100.0 and the standard deviirOV;;,/,,
was 12.34. The product-moment correlation be-'---'-'-'=
tween DID and SIS was -.0015, which indicates,;:
a near zero relationship. An analyses of variance ??,:.,,

test was computed using SIS as the independerk-0
variable and DID as the dependent variable. ,q);

SIS accounted for only 0.19_,Flercent of the.vaii-',' .,,li

ance in DID; the correlation ratio was .04. In-
spection of the mean DID values for each value
of SIS' in table E, also reveals ginly slight random,
variations of mean DIRvaluek !4-i-O0 the whorei-
SIS rangeof-values..-

. The range of the DID inclOc allies was 47-1
143; the skew and kurtosis valucs of 7: 03 and )
.1.4 respectively indicate- an ahnost \porMai disV--`,
tribution of observations on Dip:-

Race-Specific SIS and DID Indeixel

The SIS and DID index valueswere-entered
in the data tape file of each_child-and youth..and
analyses nf variance-1,--iere then run for all con-
-11:61, predictor, and constructed variables. The
amount of variance accounted for in the DID
index was 4.61-percent by race, 1.48 percent by
population change, and 1.06 percent by geo-
graphic- region. None of the remaining variables,
accounted for as much as 1 percent of the vari;
ance in DID (table A). Several procedures were
used in trying to' take out the race variance in
DID Without using race. These included. adjust-
ment of 'Criterion weights, by geographic region
and population change jointly and the recalibia-
tion of-the two constructed variables by optimal
criterion scaling within race.,-vNone of these
worked. The final procedure used was to com- .

pute race-specific (white .and other races .and
black) multiple regression equations for rate-

O

7



157Ft . e , Fr';', ;

....
. ,

,
. .,

t.p.6A/litfAie e'iatti..tneen anti-scairea, means and standard*Aations of Intellectual-Oeyalopment
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ntedfOr ad cprteltiti rstiolt
,

---;$ , .. .- - J.4--; . , 'ts,..'.(''-,...i*i ,,s14 .. f,:.zAc
'f> ,*, 7-_,

."., ,-- iii_--*

-,.
Mean
SIS

Moan
ID

ID
SD

MOM
.:4".VID

DID
SD

- , t"--,, , p

,",-t ?' . T. ' .-i, ''.- _ /,-, 1

077 r'"' ". Ad: \'.4". il ' '
079 , ,,--1----

'-'- ;
i ...;...4 "i",:;; _,1007.:-.1,0,..... ....... ;-,,'
i64::t-i-c.),,r..,.:1'., . -,..ii- ---, -
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t.411-r-----__

C439....,..,,,t7i -- " .....--14.
Ptri.,1 , -.,t, '-'4-` -
091' .. ''''...t..t.'"-.-tr; '- - -,
092 !V' .7;4
093

r094 ' '
095 /
096
OB7. ,-07-1.,(1'.'
098 -s- -,-"
099
100 0 .:7

,101 t
102
103 e

_104. 7
105 ..
106
107,
108
109
110
111
112
113
114
116

Percent variance accounted for
Correlation ratio

-,2-

, , , -,

'

,,,,,-;,:dt , A

:_---.p_::-;*, :

z
,,--

._ ..

,

',.;-- ---

t,..

,

-12,887 108.0.4?-' 100.0 15.0 100.0 1224

121
-82

30
243
38

264
47

.477
214
222
283
1133.
306
413
219
195
452
321
467
523
708
338
572
819
206
868
990

. 934
797
186
699
198 _
521
342
296
44

445
144

...
..

77.2
79.3
80.3
81.1
82.4
83.0
84.3
95.0

,.-'416.2

87.1
88.k

1,89.2
90.2
91.3
92.1
93.1 -
94.1
94.9,
95.9
97.0
983
99.1 ,

100.0 1/
101.2 /

1020 /
102.8 /
103.9 /
105.1 /
t06.211
107.21
108.Q
108.8
109.
111,0
1120
113.1
113.9
115.9

.9
'

17.6
'

81.1
82.2
83.6
82.7
87.4
86.1 / ,

85.3
862 /
89.2 /
88.6/
89.6
91.4
91,6
93.3. .

93.8
65.2/

i 95.4
/ 97.3

I 98.1 -

99.6
99.8

.101.5
101.0
103.1
103.3
105.4
106.r
106.7
107.6
109.2 ,
109.3
110.8
112.9
112.7
114.3
116.1

32.38
.5690

11.3
9.2

12.0
11.0
12.8
11.5
10.9
11.6
12.1
10.8
11.9
11.6
12.6
12.9
12.3
12.7
13.2
13.5
12.4
12.9
12.8
12.2
13.0
12.1
13.3
12.0
12.3
11.9
12.3
12.2
11.8
13.5
12.2
12.6
12.5
15.9
11.8
13.9

- -
...
...

1004'4
98.9

100.8
101.1;
101.2
99.8

103.1
101.1
99.0
99.2

101.0
99.4
99.3

100.1
99.5

100.2
99.7

100.3
99.5

100.3
99.8

100.5
99.8

100.3
99:0

, 100.4
, 99.4
100.3
100.6
99.5
99,6

100.3
99.4
99.6

100.8 '

99.6
100.4
100.2

0.19
.0351

11.3
9.2

12.0
11.0
12.8
11.5
10.9

- 11.6
12.1
10.8
11.9
11.6
12.0
13.0
12.3
12.8
13.2
13.5
12.4
12:9
12.8
12.2
13.0
12.1
13.3
12.0
12.3
114,
121P
12:2
11.7
134
12.2
12.7
12.5 :

15.9 /
11.84
13.9,

.

...
, ..

NOTE: n = sample size: SD = standard deviation.

specific SIS indexes. The resultant equations
were:

ISIS (white, and other races) = .7488 (X1)
+ .4293. (X2) 16.53

SIS (black). = .4625 (X1) +: .3613 (X2) + 8.62

The obtained summary statistics for race-specific
SIS indexes are Shown in table F.

\ These mean SIS values were now comparable
\to the mean ID" values within race whereas the

t

c. !

, : . ' '

Table F. Obtained means, standard deviations, range of scores,
and Socio-Intellectud-Status and Intellectual-Development
correlations for race-specific ..SocloIntellectual-Status in-
dexes .

Race ;

I.

Mean SD Range"
e

SIS-ID
Correl; '
ation.

All races

White and other races .. ,
Black race

.100.0: 9.04 76-116. .... .6011

102.0
86.6

7.52
4.87

80.116
76101

": .5258
.4034



___----.
'original SIS values were not (table/A). SIS was
still skewed for all races, for white and other
races, but not for blacks. / ,

The DID index values were obtained from
the race-specific SIS indexes n, befolc. The
mean race-specific DID ralue equal to
about 100.0 for both; "race p, ,,,, -tide the
original DID means were quite t., ut for the
two race groups (table A). Analyses of variance
were run for the race-specific SIS and DID in-
dexes with all 19 variables. It is apparent in I
table A that /differences in mean Intellectual
Developmen y(ID) among the predictor and con-
structed variables were due to SIS influences.
Less th /.1 percent of the variance in the race-
specific ID index was accounted for by any of
the 19 variables for all races and white and other
race . Among blacks, about half of the predictor
an constructed variables accounted for over 1
p icent of the variance in DID. Inspection of the
mean DID valuesby response levels for blacks
(see -ditailed tables) did not reveal strong con-
sistent trends sufficient to justify carrying the
race-specific SIS index construction any further.

The race-specific DID ,index for all races
had a mean of 100.0, standard deviation of

Table G. Examined sample and population estimates summ

11.98, and a range of 44-142, and was still
almost normally distributed.

Examined Sample Compared to
Population Estimates

Since the ex ' sample (n = 13,887) was
used in the devel of the SIS and DID in-
dexes, a compari . I the results from the
examined sample was made with the sample
weighted population estimates. No important
differences emerged between the sample and the
population estimates within all races, white and
other: races, and blacks for means, standard
deviations, skewness; and kurtosis (table G).
However, the statistical values shown in this re-
port should not be taken as population estimates;
they are sample values only.

I ntercorrelatio of the Indexes

The 7 product-moment intercorrelationp
among indexes are shown in table H. The
rate- specific SIS and DID index coefficients
with in the total sample °,:as .601 and .798,
resp ctively: SIS and DID correlated -.003.
An lyses of variance were run witID as the de-

statistics, by race and intellectual indexos

Race and index

Examiner! sample

/Merin SD ,..Skew Kur-
tosis

All races In) 1

ID
S1S (general) /
DID (general)
SISVece-specific)

I

DID (race-specific) ,. i.

(13,887)

100.0
100.0
100.0 °

100.0
100.0

14.99
8.52

12.34
9.04

11.98

-.08
-.53
-.03
-.51
-.04

-.14
-.27

.14
-.57
-.20

White and other races In) 111,901)

.ID 102.2 14.29 -.13 .07

SIS (general) 101.1 ,8.11 -.68 .14

DID (general) 101.1 12.18 -.06 .18

SIS (racetspecific) 102.2 7.52 -.65 .12

DID (race-specific) 100.0. 12.15 -.06 .18

Black In) . ........... .... ...... (1,986)

1D 3§.7 11.8e .17 .00.

SIS (general) 93.1 7.69 .13 -.50
DIP (general) 93.5 11.26 .06 ..37
SIS (race-specific) 85.5 4.87 .13 -.50
"DID (racii4pecific) 100.1 10.87 .12 .23

Sample weighted
population.enimatei

Mean SD Skew
tosits

146,476;0631

100.0
100.0
100.0

.100.0
.99.9

15.00 -.09
8.67 -.64

12.30 -.02
9.11 -.62

11.95 -.03

140,180571)

.20

102.1
101.1
101.0
102.2
99.9

14.31 -.14
8.29 -.69

12.13 -.05
7.68 -.67

12.10' -.05

(6,295,2921

86.5 11.98
93.1 7..78
93.4 11.19
86.6 4.93

100.0 10.92

.18

.14

.136
-.14
.13

.01
-.52
` .40
-.52

.25'
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Table H. Matrix of product-moment intercorrelatiOns of the indexes, by/race
. ,

Race and index ID SISG. DID SISRS.RS Di° RS

All races In = 13,887) ,

1.000ID
SIS (general) ' .568 1.000
DID (general) .822 -.002 1.000
SIS (ra4-specific) . .601 .944 .078 1.000
DID (race-specific) .798 -.003 .970 -.003 1.000

White and other races (n = 11,901)

ID 1.000
SIS (general) t .524 1.000
DID (general) I .

. .,. .824 -.051 1.090
SIS (race-specif0 .526 .99$ -.048 1.000
DID (race-specific) 850 -.001 .998 -.001 1.000

. Black (n = 1,986)

ID , 1.000
SIS (general). .403 1.000 -

DID (general) ,- .780 -.258 1.000
SIS (race-specific) .403 1.000 -.258 1.000
DID (race-specific) 7 .912 -468 .968 -.007 1.000

NOTE: G = general, RS = race-specific.

pendent variable with race-specific SIP, and DID
/indexes. 'SIS +accounted for 36.26 percent and
DID accounted for 63.79 percent of the variance
in ID for. a-total of 100.05 percent. Since these /.

5IS and DID indexes were essentially indepen-
dent indexes (r = -.063), this indicates that the
total variance in,, ID was separated into cwo

: tionoverlapping independent components. '
As a check on the stability of these', index

values across diverse groups, the results from the
analyses of variance .,v ith the. four control vari-

.ables were 'inspected table A and detailed table
1)': No significant variance occurred across these
subgroups for any of the : indexes. A furthtr
Check on the limits of possible shrinkage of the
strength of relationship of SIS and ID was made.

. Analyses of variance were made of the full-range
:variable sum a parental 'ducation, None-34

-: years. and more, with ID for Cycles 1.150add III,
sepaiately. The percent of -valiance accounted

/tor in ID was,28.04 and`27.96 and the correla-
//. tionbraos were .530 and .529 respectively for. ,

the two cycles. these checks .support the posi-
tion that the strength of relationships reported
for the combined sample would have-been very
closehad one cycle been used to develop the in-
dexes and. then cross-validated on the other
cycle.

10

Since the antelatiOn'oerween ID and race
specific SIS was .60 and since other studie0 in-
dicate a correlation of IQ of about .55 between
sibling i reared together, the posit on is taken
that the SIS 'index is measuring a generalized
sociological _family backg_roL____fau ctx1
to -intellectual achievement. However, DID
cannot be taken, at ,least at this time as inde.
pendent of other. ,intrafamily cha:tacteristics,
orientations, and interactions.

. Future research inVestigations into family
contributors to children's intellectual achieve
ment should include direct measures of parental
intellectual achievenfent as well =.1..4 intellectual
achievement orientations and supports within
the family.

SUB$TANTIVE FINDINGS

Application of the ID and Race-Specific SIS- and
DID Indexes to Substantive Examination
Findings from Cycle II, Children 6-11
Year's of Age

About 500 data .elements were available on
an extended data tape for the 7,119 children
6-11 years of age examined in Cycle II.

Sixteen data elements or variables were

fi



selected to -.!`test out" the indexes. The tullow-
, n1. nine variables were selected for which

product-moment correlations were computed
with the three indexes.

The two constructed variables
I. Sum of parental education
2. Annual family income per household

person under age 21

The two Wechsler Intelligence Scale for Chil-
dren (WISC) subtests used in constructing ID

3. T-scored Vocabulary subtest
4. T-scored Block Design subtest

Two tots from the Wide Range Achieve-
ment Test (WRAT)

5. T-scored Reading Test
6, T-scored Arithmetic Test

Th Harris-Goodenough Draw-A-Person Test
(DA t)

. T-scored DAP Test

An e4lucational achievement composite score
of th two WRAT tests (mean 100.0, stand-
ard viation 15.0-the same as ID)

8. Education achievement

A total measured performance index made _A

of the two WISC, two WRAT, the DAP Test
scores (mean 100.0, standard deviation 15.0)

9. Total performance

The correlation coefficients are shown in
table j

The intercorrelations among the three in-
dexes were almost identical to those found on
the combined Cycles II and III sample. Neither
one of the two constructed variables thatowere .

used for deriving the SIS index correlated with
DID. The WISC Vocabulary subtest contributed
more to SIS than Block Design contributed, 'bid
the reverse occurred for DID. The WRAT-lests
had slightly higher correlations with SIS than
with DID; the reverse was true for the Draw-A-
Person (DAP) Test.

The correlations of SIS with the .WRAT and
the DAP Test are reasonable expectations. The
DID correlations with these three tests indicate
that it has a meaningful measurement property
and is not just a random residua component of

Table J. Correlation coefficients, means, and standard deviatic4s for intellectual indexes and selected var ebles

.

Index and variablel

ID
SIS
DID

Index

Constructed variable

Sum of parental education
Annual family income per household person under age 21

-lett, T.-scored vocabulary subtest
T-scored Block Design subtest

- T-Lcored:Reeding test
.r-scored Aritifrnetic test

WISC

WRAT

Draw-A-Person Test

Educationalechievement composite

Total performance composite

.1Samp1e size = 7,119.

1 9,

`r

:

Race-specific I "'
'teas

SIS I DID

Correia ion coefficient

1.000 '.603 .793
.603 1.000. .-.009
.793 -.009 1.000

-523 -.880-
.486 .790

.859 .581
.1857 .454

.633 , .505

.612 .46?

.481 .263

.179 .530

.895 .589

.006

.633

.727

.408

.413

.402

.447

.671

100.2
99.7

100.5

100 1

50.3
50.2

50.2
50.2

50.4

100.1

100.2

SD

7 ^

14.91
9.09

11.90

9.82
9.78

9,81
9.7/

9.88

14.94 71

14.88 ?...1.1

\ 11.,



the ID index after SIS variance was taken out.
The next seven variables were selected be-

cause of interest in their substantive properties.
Analyses of variance were used to try to expli-
cate their relationships with intellectual achieve-
merit and as further tests of application of the
SIS and DID indexes. The dependent variables
were the ID and race - specific SIS and DID in-
dexes. The substantive variables are, as follows:

1. Number of pregnancies previous to the
birth of the examined child as reported
at the time of examination.

\2. Parental reporting of attendance at nurs-
ery school or kindergarten oT the ex-
amined child.

3. Parental reporting of ''a talking problem of
the examined child.

4. Twin status as determined from parental
interview and birth certificates.

anet

5. Judged intellectual level by school person-
nel as given on the school questionnaire

6. Need for special school resources as ind
cated by school personnel an the scho 1
questionnaire.)

,

7. Diagnostic impressions of net4blogi al,
muscular, or joint COnditiOns by'- the ex-
amining physician, Interest in this var ble
was centered on the relationships o, the
neurological conditions and intellectual
achievement indexes.

In the following description of if
at least 1 percent of variance is accounted for in

---any-of -the-three indexes, then this will be con-
sidered as statistically significant or of practical
importance.

A guide in the interpretation of the relative
contribution of SIS" versus DID in reflecting
their reipective parts of the Intellectual Develop-
ment (ID) index is that the percent of variance
accounted *fa in the SIS index must be almost
two times as great as in the DID index to shoW
equal accounting. A more precise indicator is
to multiply each percent of variance by .364
for SIS and .629 for DID. This, indicates how
much" of the ID indoc variance was accounted
for in the SIS and DID indexes. The sum of

12

a
theie computed variances will not necessarily
equal the ID variance due to SIS and DID inter-
actions with a given condition.

While a substantial relationship is shown be-
tween number of previous pregnancies (or ap-
proximate birth order) and the index of Intellec-
tual Development, the variance was almost com-
pletely accounted for by SIS (table K). These
findings thus incl'eate that birth order per se
has little to do w:,th the intellectual achievement
of the child when the Socio-Intellectual-Status
index of the family is taken into consideration.
That is, children further doWn in birth_ order
also, come from familles with lOwer SIS.

Attendance at nursery school or kindergar-
ten was associated with the index of. Intellectual
Development and SIS but had little relationeip
with 'the index of Differential-Intellectual DeWl-
opment (table L). Thus attendance did not con-
tribute to ,the Differential-Intellectual-Develop--
ment index. ,

While reported talking problems were related
to the indexbf Intellectual Development, a part
of this relationship was due to more talking
problems among loWer 'SIS families (table IV1).
However, "hard to understand -" does seem to
have a negative elatioriship on the index of

Table K. Sample size and mean index scores of intellectualt achievement, by number of pregnancies previous to birth cff
examined child, with percent variance accounted for and
correlation ratios

Number of preg-
nancies previous
, to birth of .

examined child

Mean index scOres

ID
- Race-specific

SIS bib
No pregnancy
One pregnancy
Two pregnancieS
Three pregnancies
Four pregnancies
Five pregnancies

r >-Six pregnancies.
Seven pregnancies
Eight pregnancies
Nine pregnancies or

more

-7,- Blank item

Percent variance ac-
counted for

Correlation ratio

1,703
1,620
1,323

864
539
352
218
131
78

114
180

102.2
101.9
101.54,

_100.4
97.3
95.3.
93.3
90.1
92.1

88.8
100.9

. 4.44
.21

101.9
101.8
100.9
;;,99.2

97.1
94.8
92A
91.6
90.3

88.3
98.8

12.11
.35'

100,3
100.2
100,6
10'd,1
100.3
100.5
100.9
98.6

101.8

100.5
102.1

0.18

NOTE: n = sample size.
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Table L, Sam-ple size and mean index scores of intellectual
achievement, by attendance at nursery school or kindergar-
ten, with percent variance accounted for and correlation
ratios "'

Attended nursery
school or

kindergarten

.k

n
44.

Mean index scores

ID
Race-specific

SIS DID

Yes 4,932 102.7 101.7 101.0
No 2,159 94.8 95.2 99.4
Blank item 16 93.5 98.5 95.0
Don't krow 12' '90.7 93.5

Percent variance ac-
counted for 6.37 11.06 0.43

Correlation ratio .26 .33 .07

NDTE: n = sample size.

Table M. Sample size and mean index scores of intellectual
achievement; by nature-of talking problem, with percent
variance accounted for and correlation ratios

Nature of
talking problem

No talking Problem re-
-, ported
Lisping
Sqrne other talking

problem
More than one listed

problem /
Stammering or stutter-

A

ing
Hard to understarld

-Percent variance ac-
counted for/

--Gerrefation-retie:, ----

Mean index scores

D
Race-specific_

SIS DID

/
8,563

81

' 137

5

144
189

100.7
101.8

97.8

9/0

91.7
91.1

1.32

99.9
100.6

99.6

101.4

93.2
97.5

1.25

100.8
101.1

98.2

9:j.6

98.5
93.6

1.12

NOT: n = sample size.

Differential-Intellectual Development. Thus this
type' of talking problem does- seem to reflect
impeded intellectual achievement.

/ Twin status had only a very -weak association
the indeX -.of Intellectual Development

/(table N). These data indicate that twin versus
/, nontwin birth ,is not importantly related to indi-

vidual intellectual achievement particularly
when the family factor of SIS is removed.

Two evaluations were-Obtained from school
Personnel that were highly associated with the
index .6f Intellectual Development, and especi.:

Table N. Semple size and mean index Scores- of intellectual
achievement, 1)./" twin status, with percent variance ac-
counted foi ski correlation ratios

Twin status n

Mean index scores

ID
Race-specific

SIS DID

Not a twin 6,965 100.2 99.7 100.5
Twin, identical 43 99.9 100.7 99.2
Twin, not identical .. 93 96.3 97.8 98.5
Twin, unknown it

identical 18 84.9 92.8 92.2

Percent variance ac-
counted for 0.36 0.21 0.12

Correlation ratio, .06 .05 .04

NOTE: n = sample size.

Table O. Sample size and mean index scores of intellectual
achievement, by school-judged intellectual level, with per-
cent variance accounted for and correlation ratios

School-judged
intellectual level

n

Mean index scures

lD
Race-specific

SIS DID

Clearly above average
Itop 25 percent) 1,594 110.9 104.4 106.6

About average (mid -
50 percent) 3,846 100.4' 100.5.

No school question-.
naive 322 95.4 97.1 98.3

No basis for judging 299. 93.7 95.9 '97.8
Clearly below average
(bottom 25 percent) 1,258 89.0 95.0 94.1
Percent varianite ac- ,-.

counted for 22.79 11.97 11.24
Correlation ratio .48 .35. .34

--NOTEYIT

.

ally so for the question specifically requesting
an evaluation of intellectual leyel "(tables 0 and
P). Besides the three special iesources shown in
table P (gifted, slow learner, retarded), six other
resources were provided in the questionnaire
checklist (hard of hearing, "sight" saving, speech
therapy, orthopedically handicapped, emo -'
tionally disturbed, and "other"). If any of these
were recommended but not' also recommended
for the three shown here, they' were coded in the
"other resource recommended" category. It is
evident that this group, as ..a group, was very,
close to average on all three intelledual achieve-
merit indexes. The finding of interest here is
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e Table P. &Mole size and mean index scores of intellectual
ichievement, by recommendations for special school re-

. sources, with percent variance accounted for and correla-,-
tion ratios

ea,

NW-

\,
Recommendation

for special
school resources

n

M an index, sc res

ID
Rice-specific

SIS DID

For gifted
None recommended
Other resources rec-

ommended .....
No school question-

naire
For slow learner
For mentmlly retarded

Percent variance ac-
counted for

Correlation ratio

3b7 114.9
4,767, 102.'

751 98.0

322
889

83

95.4
89,5
77.3

15.41
.39

105.0
100.8

109.9
101.5

98.7 99.4

07.1
94.6
92.7

7.54
.27

98.3
94.9
84.6

8.30
.29

'NOTE: n = sample size.

ka,

th. t the strong association of DID with school
evaluation indicates that these judgments re-

ected differential teacher assessments of stu-
dents' intellectual achievement beyond what

be expected based on family background.
The examining physicians did detect some

medical conditions that also had strong relation-
ships with the index of Intellectual Development
(table Q). Interestingly these noted conditions
oci:urred almost independently of SIS family
background. Thus _ these data seem to 1 clearly
indicate that the. 61 children with listed condi-
tiOns 1-8 (in table Q) suffered direct personal
impairment' in intellectual achievement attend-
ant to these conditions.

These findings indicate that the three iw
dexes, ID; SIS, and DID, can provide diferentin
information on the association of in ellectual
achievement with other health-related variables.

Table 0. Sample size and mean index scores of intellectual achievement, by diagnostic impressions of neurological, muscular, or joint
conditions by ).';e examining physician, with percent variance accounted for and correlation ratios

Diagnostic impressions of neurological, muscular, or joint .conditions
by the examining physician n

Mean inde,x scores

RecwspecifiC
ID

sis DID

Mongolism or other developmental
Mental retardation unknown etiology

3. Eye iii"il'museitlar-skeleton
Carel:4.0f palsy and brain damage

5. Minimal cerebral dysfunction
.fiMiebritton:!blem7.-..--.-
., 7. 7EPli..

8. Other neurological.

9. Othermuscular, skeleton., joint condition
10. Traumatic neurological residual.

Musculee-skaleton-join;
12. Eis muscular imbalance or. ayecondition
13. Ear condition including deafness

None of the above noted

Percent Variance accounted for
Correlation ratio

NOTE: n = sample size.
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8
11

1

16

65.8
70.7
88.0
88.7

g07-
102.3
97.2

86.0
98.6
99.5 ,

97.3 /

99.0 /7
c:

100.4,1

1.6;
;13

3
6

3
8

81
34

2

6,930

992
'1r2..4'

11.2
3

00.1-
07.1

101.2

87.2

99.9
96.8
98.1

99.8

0.22
.05

65.6
71.3
85.5
87.5
893

-90.6
95.2
96.0

98.8

99.5
100:5
100.9

100.6

2.36
.15

0 0 C

Or)
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'1.knolifen1nd sample sae and meen*index scorn of the intellectua achievement indexes for children and youths aped 6.17 years, kV,. race and inx4servient control salable. wit% sundsrA deviationsA1 WY, 946:4111
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*up 2. Um...mud sompt WI and mean index worn of the intellectual /ch.:morning Indexes for children and youths aged 6.17 years. by race and independentpredictor 'retainer, with standard deviations of total. percent variance

. accounted for. and correlation ratios-Con.

I.Unweighted examined sample - 13.587 children and youths. aged 6-17 years'

_ ...:
Mean alder wore

- General nden Race.specilic index

'') , White
dInipendent predictor variabl Alle ID SIS DID SIS DID

.... and Wcki
race, other

races White White White White Whin
All one All and All and All and All and

Black 131,:k Black Black Black
races other races other races other races other r Ices other /

races races races races races /

Fist parent's relationship to
:., ehtld/youth-Con.

rther 87. 47 40 88 1 93.9 81.3 88.8 91.7 85.5 99.3 102.3 95.8 88.0 53.3 81.8 100.1 100.6 99.5
euirdian (estated) 119 71 48 90.5 950 83.8 95.7 97.8 92.6 94.8 97.2 91.2 r 93.8 98.9 86.3 96.6 96.1 971
911111edian funreland or unknown) 12 9 3 95.6 100.9 79.7 97.6 97.0 99.5 98.0 103.9 53.2 915.2 98.0 90.7 99.4 102.9 89.0

NOM parent 94 66 A 93.7 974 85 0 99.1 102.5 91.2 94.6 94.9 93.9 9111 103.5 85.4 95.8 93.9 9916

3 3 - 101.7 101.7 96.4 96.4 ... 105.3 105.3 ... 97.2 97.2 ... 104.5 104.5 ...

wanness accounted for 3.46 350 0.84 6.29 3.60 4.97 0.63 0.48 1.26 8,37 3.49 4.94 0.41 0.47 0.65
relic .19 .12 .09 .25 .19 .22 .06 .07 .11a, .29 .19 .22 .06 .07 CI_

latio950- 960 . ..

. .

','-',.:`- , . . -. ,, ,..
ion less . 3.428 .3.253 175 98.4 .99.4 79.2 97.3 97.8 88.5 101.1 101.6 90.8 98.4 99.2 83.6 99.9 100.2 .R..

pan 3.442 2927 515 99.7 101.6 89.1 100.0 101.) 93.9 ,y996 100.4 95.2 99.9 102.2 87.1 99.7 99.4 102.0

nall-610^' 3,662 2,727- 935 97.7 101.7 85.9 99.8 102.2 92.8 97.8 99.4 93.1 989 1032 86.4 98,7 98 6 99.5
hp awn 3,355 2,994 361' 104.4 106.3 88.2 1024 103.7 95.1 101.7 102.6 93.6 1028 104.6 87.9 1018 101.7 100.9

A .

Nnsent variance accounted for 3.08 3:25 5.26 5.06 7.65 4.81 1.48 0.97 1,15 3.47 7.32 4.81 0.76 0.95

Portelasion retie .18 .18 .71 .22 .28 `:22 .12 .10 .11 .19 .27 .22 .09 .10 . , '.14

WItiond porenii relationship to child/youth .

4 1

`r'''' ' -
3 92.8 92.0 93.0 101.3 87.2 1871.7 91.4 94.8 90.3 94.0 97.8 .927 988 94.2 100.3

' 11.685 10,452 1.233 101.0 102.7 87.0 100.8 101.6 94.1 100.2 101.1 92.8 101.0 102.7 87.2 1009 100.0 99.7
63 55 10 96.6 97.9 89.4 101.1 101.8 97.5 95.5 96.1 91.9 100.9 103.0 89.4 95.7 94.9 100.0

.106 58 48 92.4 98.2 85.5 92.7 96.3 88.4 99.7 101.9 97:2 91.1 97.4 83.6 101.3 100.8 101.9

tarardien Innately . 85 5a 31 89.1 934 81.5 96.1 98.2 92.5 93.0 95.2 89.0 94.4' 99.2 88.2 949 94.2 .96.3
tosardian (unrelated or unknown) 15 8 2; 94.0 999, 883 98.8 97.6 100.0 95.2 101.2 88.2 962 98.8 91.0 '98.9 1092 . 97.3

Intent 85 65 AO 94.6 97.3' 85.8 99.8 102.5 909 94.8 94.8 94.9 992 103.5 85.2. 95.4 93.8 . 100.5
3 3 . 191.7 101.7 ' , 96.4" 96:4 .,*, 105.3 105.3 . ;. 97.2 97.2 ... 104.5 .144.5: _ .'..

Ine woad parent)
'

839 1,205 '634 94.5 98.8 86.4 95.2 97.2 91.5 99.3 101.6 94.8 94.2 98.7 85.6 100.4 109.1 100.8'
... _,.

t variance accounted lot 2.83 .1.00 0.46 5.61 2.97 4-14 0.48 0.35 1.29 7.68 2.8k 4 0.30 0.33' 0.51

len ratio .17 .10 .07 .24 .17 .20 .07 '1.-,108 .11 .28 .17 .zt) .05 .06 . .04

'
-..;,:

01,418/d metropolitan {tat mica' area
a4SA I - . ;:t

. ,.
_.-..-. .., ,

. 8105A;enktre( city ........:. ..... . ..... .... .... : 4.)82 3.069 1.1) 3 97.7 101.1 88.3 893, 1019 MA oa 5 100.1 93-8 98.2 ni,. 1 . 874 999 999 1009
WS& not in'omtral cite 4,797 4,205 592 102.3 1045 86.2 102.0 1113.2 92.9 100.3 101.3 93,3, 102.0 .164.2 86.5 100.3 100.4 99.2;

40 SOMA 4,908 4.627 281 99.6 100.8 81.3 180 ' 99,2 88.7 101.0 101.5, 92.6 99.6. 10,1.5 838 100.1 1002' 97.5'
,... .11....

. .. . .

'variance eccounttra foe 112 149 397 225 ' 447 627 0.73 .0.73 0.16 2.92 426 6.30 0.07 0.21 ;- 1.1:

,- *,-ilsort ratio . .. .12 .12 20 P .21 25 .09 .05 .04 .17, 21 -35 0.03 .05, .1'

ire* of place and pepulalion we .
.

.

..,
...

,:.., '. 0:78.1 urbanired eteapl3 minion
'i-;:,`'.. . ': or mom) 2.913 2,228 685 1009 103.7 89.9 101.3 1039 969 99.1 100.7 .936 100.2 103.9 884 100.2 99.8 1014
' -Man urbanised area 11-mollion-29 .

-011140110- ..t 1.909 1.554 255 1039 105.3 89.5 102.4 103.6 95.1 100.6 301.7 94.15 1022 1048 ' 87.8 100.9 100.7 1013;

in affronted area
1.590 , 1,294 296 1004 1036 88.5 101.0 102.9 92.9 994 1008 _ 933 100.8 1038 88.4 99.8 99.8 100A,

...
1.112 901 211 97.7 1b0.8 B4.2 98.8 100.8 90.4 96.9 100:1- 93.8 983 1019 ' 849 99.0' 98.9 .44

. ...- -4
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Urban not in urbanized was 05,000
pcsons or moral 634 617 17 99.2 99.4 92.4 99.6 99.7 93.7 99.7 99.7 98.8 100.5 100.9 '86.9 98.7 98.5 105.5

'Urbanq not in urbanized area (10,000-
34,11661 grononal 397 369 28 99.3 100.8 79.9 99.5 100.0 93.1 99.8 100.8 86.8 100.2 101.3 88.6 99.1 99.5 93.4

1.1don, not on urbanized area 12,500 9.999
personal 817 730 87 100.3 102.3 83.4 99.5 100.7 89.7 100.8 101.6 94.2 100.0 101.9 84,1 100.3 100.5 99.3

Rural 4,615 4,208 407 99.0 100.6 81.7 98.3 99 1 89 7 100.7 101.5 92.1. 99.0 100.4 84.4 100.0 100.2/, 97.3

Pireant variance accounted tor ........ 094 1.64 827 3.25 5.10 12.28 0.36 0.23 1.18 1.42 4.92 12.32 0.21 0.21 2.99
Correlation ratio .10 .13 .29 .18 .23 .35 .06 .05 .11 .12 .22 .35 .05 .05 .17

F044510 language Woken ,n hoer*.

. Vas. 1,663 1,614 45 96.8 97.0 91.7 96.0 96.0 97.0 100.8 101.0 94.7 97.1 97A 89.0 99.7 99.6 102.7
11,6712 9,814 1,858 100.5 103.2 56.6 100.6 102.0 93.1 99.9 101.1 93.5 100.5 103.1 88.6 1009 100.1 100.0

lank or Don't know . 552 473 79 97.9 100.1 85.3 98.2 99.2 91.9 99.8 100.9 93.3 98.4 100.5. 85.8 99.5 99.5 99.4

Percent variance accounted for 0.71 2.27 0.51 3.23 6.70 0.73 0.06 0.00 0.03 1.55 6.95 0.72 0.02 0.02 0.16
Comilabon ratio .08 .15 .07 .18 .26 .09 .01 .02 .12 .26 .08 .01 .01 .04

29-

.



Table 3. Urrawighted sample sins and mean lodes scores of the intellectual achievement indexes for children and youths apsd 6.17 yews, by race and independent constructed variables, woh standard deviations of total. percent
veriance accounted for, and correlation ratios

I Unweishted examined sample = 13.667 c.rildren and youths.ased 6-17 taws

.

Mean index wore

General index Race-spectfoc index
.

Independent constructed trartable All
Whoa

and Black
ID SIS DID SIS. DID

races other
White 1 White White Wheel White. races

All
races

and
other

Black
All

racei
and

other
Black All

races
and

other
Black

All
races

andother
Black

-- ....-
.---

All
races

and
other.

Black

races races races --(
-race, ---- races

Tohd. 12.17 years 13,687 11,901 1,966 100.0 102.2 86.7 100.0 101.1 93.1 100.0 101.1 93.5 100.11 102.2 86.6 100.0 100.0 100,1

Shird devietion ... ... 15.0 14.3 11.9 8.52 8.11 7.99 12.34 12.18 11.25 9.1.14
ow,

7.52 4.87 11.98 12.15
sii..-ww...wo

10.87.

.

Sum of both ciennti i
Ieduonion Of ) .
i

Plonwe Yuri 402 290 112 80.7 131.6 78.2 80.7 80.8 90.5 99.9 1001 97.7 81,8 83.0 78.8 98.9 98.6 . 99.5..

141 vein. 840 339 201 85.7 87.1 82.7 84.8 84.9 64.8 1009 102.1 98.2 85.2 87.1 81.2 100.5 100.0 101.6
t:1244 yews r 793 546 247 88.5 91.1 82.5 88.5 89.1 87.2 99.9 102.0 95.3 88.3 90.8 82.9 100.1 100.3 99.7

,15.111 yews 1:136 890 256 92.9 95.3 84.6 92.9 ; 93.6 90.8 100.0 101.8 93.9 92.8 - 65.0 85.1 100.2 100.1 99.5

:17411yoen. 1,138 889 247 94.1 98.3 88.3 94.2 95.0 91.5 999 101.4 94.8 94.0 06.3 859 100.2 100.0 1108'

190) yews 1,5913 1.348 248 98.0 100.1 86.3 98.1 98.7 95.1 999 101.5 91.2 , 98.0 909 87.8 100.0 100.3 98.15 :

11-22 years 1,628 1,382 246 100.4 102.3 89.9 100.7 101.1 98.0 99.8 101.2 919 100.: 102.2 89.7 100.1 100.1 100.2

1.23.24 years 3,410 3.101 309 103.7 104.8 92.5 103.7 104.0 100,7 100.0 100.8 919 105.7 105.0 91.4 99.9 99.8 101.1

213.211 yews 912 858 54 106.5 107.3 94.0 106.7 '106.9 1049 99.7 100.4 89.0 106.9 107.7 94.1 99.6 . 99.6
'99,9

99.9

27 -28 yews 821 797 -24--. 108.6 109.2 88.9 108.5 106.5 108.2 1002 100.7 82:. 1089 109.3 94.9 99.7 94.0

4211401toors 599 584 14 111 0.- 111.7 98.1 111.3 111.3 110,7 100.1 100.4 9/.4 111.6 112.0 97.7 99.8 99.8 100.4

3142 town 477 460 17 112.1 112.7 94.6 111.6 111.8 ---- 107.3 100.5 101,0 87.4 111.9 . 112.5 95.5 100.2 100.3 99.2

-3334 yaw, 338 327 11 114.5 115.0 100.5 114.2 114.2 112.4 100.4 1009 88.1 114.2 11149 98.7 100.3 100.2 101.7

Pwieniierienoe accounted for . .. 27.38 25.03 13.48 85.07 85.73 78.04 0.04 0.16 6.33 75.78 90.20 77.34 0.05 0.07 1.12

Cot4eketIon ratio .52 .50 .37 .92 93 .88 .02 .04 .25 .87 .95 .813 .02 .03 .11

Annual family.Income rang,
.,eat person under 21 yeen of ape In

houishold IX 1

Nons41 24 -- ... 148 82 68 83.8 87.1 79.3 83.7 83.0 84.5 999 104.0 94.8 , 04.0 80.3 81.1 99.6 100.8 981
C*1254374--...
if/37543824-

706
869

388
560

318
299.

85.0
88.4

87.8
90.3

81.6
84.8

85.2
88.0

84.9
87.5

85.5
89.1

09.8
100,3

102.9
102.8

96.0
45.8

\85.2
88.0

88.0
90.1

81.7
84.1

- 99.8
100.4

99.8
100.2

99.6.
100.7

184ortse unknown end 6 Or' mare children 178 ,038 42 91.1 92.7 86.0 90.6 90.8 909 100.5 101.9 96.0 91.2 93.3' 84.6. 100.0 99.5 101.4-
1008

;182/0/1174-...
1193184111,124 (Includes blank or refused to

1,054 729 325 92.2 94.8 86.5 92.4 92.7 91.7 99.8 -
.

102.1 94.8 9T.1
\

,

94.9 85.7 100.7 99.9

ir;, :!newer and 6 or more children) 659 504 155 94.2 96.6 88.2 94.8 95.3 93.2 99.3 101.3 92.9 94 97.3 86.T 99.4 99.3 99.6

1111;4211-87,374-- 915 773 142 97.3 98.8 89.0 96.9 97.2 96.7 100.3 101.8 93.3 97.1\ 98.8 88.3 100.2 100.0 100.7

r.-:.11,37881.874 (inclUdes Income unknown s. \s. and 14 children)
vit18n3.82e74 (includat blank or 'sored

1,934 1.862 272 999 101.9 88.1 99.9 100.2 97.7 100.1 .101.7 90.4 99 101.5 89.5 100.2 100.4 mil

:- 10 fitesser Ind 14 children) 2,072 1,907 185 102.2 103.2 90.7 102.3 102.6 100.4 99.9 100.7 90.4 10 .4 \ 103.4
'104.9

91.2 , 99.8 99.8 99.5

1;937 1.844 93 104.3 .104.8 94,3 1041 104.2 101.4 100.3 100.6 92.9 104.3 919 100.1 99.9 .102.4'
..12.82693.624
',VMS-94.124. 1828 1.752 78 108.2 106.7 93,4 106.1 106.2 102.9 100.1

.990
100.5 90.5 1 .1 106.7 92.8

'959
100.0 100.0 100.5.

44.125 and over 1,697 1,564 33 109.2 1095 94.2 109.5 109.6 107.6 99:9 86.6 1 .4 109.6 998 99.8 98.3.
..... .

- Steen* veiling accounted toe / .. . . 21.54 18.02 992 66.98
. :

64.86 55.39 0.05 0.50 4.39 9.79
\

5844 5628 .0.03 0.04 0.81

:,..fiscolidfol ratio- .46 .40 .32 .e2 .81 .74. .02 .07 .21. . .77 As .75 .02 .02 .01
r-..,

\
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APPEN9JX

TECHNICAL NOTES

Criterion Scaling

The objective of criterion scaling is to deter-,
mine a set of scale values for the response op-
tions of an independent or predictor variable
which will maximally predict a given dependent
or criterion variable. The optimum predictor
value for a response option is the mean criterion
score for the persons who responded to that
responseresponse option.

If the data array is subjected to a one-way
analysis of variance, the mean criterion value for
each response option (including blanks on the
predictor' can be obtained. A correla-
tion ratio, or eta coefficient, and an F statistic
can be computed to determine> the degree of
association and the statistical significance of the
observed mean differences. Beaton4 provides
a fuller treatment of criterion scaling.

The following example is given to help
clarify the concept and to demonstrate the
procedure.

A teacher in a given subject asea wants to
identify and scale some variables which might
contribute to an end-of-course comprehensive
subject matter test. The following data elements
are Obtained for each student:

Predictor variables

1. A subject matter pretest score at the
beginning of the course.

2. Average number of hours per week
spent on studying the course ma-
terial.

3. The number of times absent from
class during the course.

NOTE: A list of references follows the text.

32

Criterion variables

A. End-of-course test-score on 70-item
test. r

B. Subdivision of the class into two
groups: top 50 percent and bottom
50 percent of the class on the end-of-
course test.

The variables are then ordered with mean or
average criterion test scores and proportions
scoring at top 50-percent level for each predictor
response level (table Ij.

The scale value for each predictor element
response level for criterion A is its mean cri-
terion score, and for criterion B it. is the pro-
portion in the top 50 percent. The -zero-order-
corrdation coefficient of each data element with
the criterion can then be calculated using the
scale values to determine the strength of 'rela-
tionship or association. All three predictor ele-
ments' can be put into a multiple-regression
equation to determine their joint contributions
and beta weights. The appropriate beta weight
can be applied to each response scale value
within each predictor element and a total pre-
dictor scale can be derived and correlated with
the,.criterion. The teacher can now identify how
much each predictor element contributed to
accounting for the variance in the criterion
scores, or in discriminating the category place.:
ment, their relative contributions, and their:
total combined contribution. The response level a,

weights can be studied to see if "critical" points
exist. Thus for "times absent from class" the
response levels of 0, 1, 2, would seem to indi-
cate,, that up through two absences were, not
important in terms of final-test-score perform-
ance. The students (cams) in these three-levels



Table I. Number of students and criterion values of predictor
elements

Predictor element

Num-
ber
of

stu-
dents

Criterion value

Mean

Pro-
'portions

at top
50 per-
cent

Pretest scores

Total

Ilit5 points and more
20-24 pointi
15-19 points
0-14 points

Study per week

Total

100 54.6

tellectual Development (ID). The five variables
with their ordinal values were:

Race: black = 1; white and other races = 2
First ,parents's education: none = 00;, 17

years or more = 17
Second parent's edUcation: none = 00; 17

years or more = 17
Number of persons in household under 21

:500 years of age: 1 = 1 person; 10 persons or
more =

Annual family income: coded as shown in
detailed tables: 0110.

20
20
40
20

5 hours and more
4 hours

- 3 hours
2 hours

hour
0 hours

Absent from class

Total

4 times and more
3 times
2 times
1 time

: 0 times

2
10
50
25

8
5

100

.65.2 -
60.0
51.2
30.1

54.6

.750
.600
A50
.250

.500

50.0
54.0
66.8
48.1
26.3
15.1

EA.6

.000

.500,

.660
.400
.250
.000

.500

15

30
20
15

20.0
48M
65.1
65.0
63.1

..133

.667

.650

.600

could be grouped and new weights obtained for
0-2 absences.

An investigator using criterion - scaling should
inspect the response weights to see if they make
sense. If. these weights are to be presented as
applicable to new samples, they should be cross-
validated on an independent s,ample to deter-
mine how stable they are.

Comparison of Multiple Linear Regression
With the Criterion-Scaled Constructed-.

Variables Method in Predicting
%Intellectual Development

The 'five predictor variables used in con-
structing 'the 'two Socio-Intellectual-Status-(SIS)
indexes were entered into a multiple linear- re-
gfession equation to predict -the index of In-

Two equations were computed. The first ex-
cluded race and the ser.Jud included race to see
how ,much added variance race would account
for (see table II).

Table II. Multiple correlation (R) and percent variance ac-
counted for in the ID index by each method without and
with race included

Method

- ID relationship

Mul-
tiple
cor-
rela-
tion

Percent
vari-

ance ac-
counted

for

Without race:
Multiple regression .554 30.7
Criterion scaling 568 32.2

Inaecling race:
Multiple regression .583- 34.0
Criterion scaling .601 36.1

In the multiply regression equation computa-
tions, any child or youth with a blank or un-
known on any variable was deleted from the
computations. This resulted in the sample char-
acteristics shoWrin table III.

Table III. Sample c4aracteristics for the two scaling methods

88T-
Multiple regression 14,188

n

intellectual
Development

Mean SD

100.0
101.1 14.8

33

NOTE: n = sarn e size.



This comparison of methods indicates .that the
criterion scaling method allowed for the attribu-
tion of yariable values for all cases and provided
a somewhat greater accounting of variance in
the index of Intellectual Development than
did the multiple linear regression equation
method!

Skewness and Kurtosis Tests

In a symmetrical distribution, mean, median,
and mode coincide. It is thus natural to take the

- deviation mean to mode or mean -to median as
a measure of skewness. K. Pearson proposed the
measure Sk = (mearrnode)/standard deviation
which is-subject to the,inconvenience of deter-
mining the mode. A more common measure is
(mean-median) standard deviation. However, for
ease in handling the sampling diStribution as
well as for cbmpinatlohal convenience the
sample moment Uk is defined as foils ws:.

Uk = (Xi U)k

where U is the mean and.k > Denoting the
standard deviation S, then S2 = U2.

It can,be shown that for a wide class of fre-
-qterreyTtlfs-rributtuts*,...Pearson's -Sk--- -earn be ex-

pressed exactly in terms of U2, U3, and U4. U3
itself is also a measure of skewness. Clearly,
if the diktribution is symmetrical, U3 vanishes
and the ratio U3fS3 will give some indication of
the extent of departure from symmetry. Ob-
vicitisly, all symmetric distributions are not nor -

al. As a measure of the peakedness or flatness
the distribution .(kurtosis) ratio U4/S4 is

used. For a normal distribution this ratio has a
value of 3 and thus we can define-our-measures
of skewness and kurtosis as:

b1 =1/3/S3 and b2 = U4/S4 -. 3

For normal distributions b1 and b2 equal zero.
A nonsymmetric distribution is negative or
positive skewed depending on the sign of b1.
If /)2 < 0 the distribution is flat (platykurtic)
and if b2 > 0 the distribution is peaked (lepto-
kurtic) in comparison with the normal.

i4his kurtosis test should be used only when.
the distribution is Symmetric. For testing pur-
poses the null hypothesis assumes that the popu-
lation distribution is normal. Then the standard
error squared for b1 and b2 is 6/n and 24/n re-
spectively where n is the sample See
lienda113 for further statistical ,detail.

For Cycle H and Cycle III combined, n was
13,889 and the standard error would be .02
for b1 and .04 for b2. For the index. of Intellec-
tual Development (ID) bi was -.08 which indi-
cates that the diStribution had a significant (but
Considering the sample size) slight negative skew-
neSs. For the Socco-Intellectual-Status index, b1
was -.53 and the distribution was markedly neg-
ative skewed. Ratir7b2 values were significant: -

and indicate a platykurtic distribution._
For the Differential-Intellectual-Develop-

ment index, b1 was -.03 which is not signifi-
cantly different from zero. On the other hand,
b2 was J4 and thus the distribution is signifi-
cantly leptokurtic (peaked). For all practical
purposes, however, this distribution cannot be
distinguished from a normal distribution.

0 0 0
.10
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